From the methanolic extract of Eysenhardtia platycarpa (leaves), were isolated the prenylated flavanones: 5,7-dihydroxy-6-methyl-8-prenylflavanone (1), 5,7-dihydroxy-6-methyl-8-prenyl-4'-methoxy-flavanone (2), 5,7-dihydroxy-6-prenylflavanone (3), 5-dihydroxy-7-methoxy-6-prenylflavanone (4), 5,7dihydroxy-8-prenyl-4'-methoxy-flavanone (5). Methanolic extract of E. platycarpa (leaves) and flavanones (5), (2) and (3) showed anti-inflammatory activity according to tested quantities. In addition, flavanone (5) revealed the best percentage reduction of free radical DPPH. Finally, after cytotoxic activity study, the methanolic extract from E. platycarpa leaves and flavanone (4) exhibited promising cytotoxic activity on brine shrimp.
Flavonoids are the most abundant polyphenols present in the human diet and represent a class of molecules characterized by a C6-C3-C6 backbone structure [1] . A growing number of biological/ pharmacological activities including anticancer, antimicrobial, antiviral, anti-inflammatory, immunomodulatory, and antithrombotic activities are associated with these compounds [2] . Other different biological activities as antimicrobial fungitoxicity, cytotoxic and anti-VIH have been also reported for prenylated flavanones [3] [4] [5] [6] . All these proprieties turn the prenylated flavanones into compounds of interest.
The study of the Eysenhardtia platycarpa leaves methanolic extract revealed the presence of prenylated flavanones: 5,7-dihydroxy-6methyl-8-prenylflavanone (1) 5,7-dihydroxy-6-methyl-8-prenyl-4'methoxy-flavanone (2), 5,7-dihydroxy-6-prenylflavanone (3), 5dihydroxy-7-methoxy-6-prenylflavanone (4), 5,7-dihydroxy-8prenyl-4'-methoxy-flavanone (5) . These compounds were isolated previously and evaluated by biochemical models in search of hypoglycemiant and antidiabetic activities [7] .
The aim of the present work is to investigate the in vivo antiinflammatory activity and the in vitro antioxidant and cytotoxic activities of the methanolic extract of E. platycarpa (leaves) and its flavanones (1) (2) (3) (4) (5) . The TPA-Induced Acute Inflammation model in mice ear was used. The antioxidant capacity was assayed by DPPH and the cytotoxic activity by the Artemia salina (brine shrimp) method.
TPA is an excellent acute inflammation animal model, closely related with the infiltration of neutrophil and macrophages, thereby can be very useful short-term test to detect the agents with antiinflammatory potential. The methanolic extract of the E. platycarpa leaves revealed a total edema inhibition in mouse ear of 77.47 ± 0.95 %; this percentage is due to the individual anti-inflammatory activity of its isolated compounds, considering that each isolated prenylated flavanone varies in anti-inflammatory activity. Among the flavanones tested with 1 mg/ear in the TPA-Induced Acute Inflammation (Table 1) , flavanone (5) showed the highest antiinflammatory activity (75.3 ± 1.5 %); followed by flavanones (2) and (3) with inhibition percent of 68.4 ± 1.5 % and 66.7 ± 1.1 %, respectively; however, flavanone (4) showed a moderate antiinflammatory activity with inhibition percent of 46.4 ± 1.5 %. Finally, flavanone (1) showed the lowest anti-inflammatory activity (12.2 ± 1.1 %).
Flavanone (5) as the unique among five tested, as shown in Table 1 , which has methoxyl group in C-7 demonstrated that the presence of this group may enhance the anti-inflammatory activity; equally, we observed that the presence of the prenyl group in C-6 and the methoxyl group in C-4´ could also improve the anti-inflammatory activity. Similar anti-inflammatory activity shown in flavanones (3) and (5) could indicate that presence of methoxyl group in C-7 instead of hydroxyl group also promoted the anti-inflammatory activity. The inhibitions of pro-inflammatory enzymes and cytokine-induced chemokine expression have been suggested as molecular mechanism of the biological anti-inflammatory activity of flavonoids [8] , thus chemical structure is closely related with this biological activity. Antioxidant compounds may be defined as radical scavengers which protect the human body against free radicals that may cause pathological conditions as anemia, arthritis, inflammation, neurodegeneration, Parkinson's and cardiovascular diseases among others [9] . The antioxidant activity of phenolic compounds is mainly due to their redox properties, which can play an important role in adsorbing and neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing peroxides [10] .
NPC Natural Product Communications
The effect of antioxidant compounds on DPPH radical scavenging method is thought to be due to their hydrogen donating ability. DPPH is a stable free radical and it accepts an electron or hydrogen radical to become a stable diamagnetic molecule. The reduction capability of DPPH radicals was determined by the decrease in its absorbance at 515 nm induced by antioxidants and it is visually remarkable as a discoloration from purple to yellow. Hence, DPPH is usually used as a substrate to evaluate antioxidant activity of natural products.
The antioxidant activity of methanolic extacts plant from E. platycarpa, E. punctata, and E. subcoriaceous (Fabaceae) were previously reported, concluding that the methanolic extract of bark from E. platycarpa was the most active against DPPH radical with EC 50 = 21.2 ± 0.1 ppm [11] .
In this research, the antioxidant activity of prenylated flavanones obtained from methanolic extract of leaves from E. platycarpa compared with quercetine and α-Tocopherol as antioxidant standard agents was determined using DPPH method and results are shown in Table 2 . The flavanone (5) was the most active with 43.1 ± 3.9 percent of reduction of DPPH free radical (1000 µM) of the assayed prenylated flavanones. Additionally, the obtained results revealed that the scavenging of DPPH radical was found to be directly proportional to the concentration of the prenylated flavanones.
Analyzing the chemical structure of the prenylated flavanones we observed that the presence of methyl group in C-6, hydroxyl group in C-7 and prenyl group in position 8 conferred a moderate antioxidant capacity. However, the presence of prenyl group in position 6 and methoxyl group in position 7 without the hydroxyl group in position 4', significantly improved the antioxidant activity. For pharmacological screening, we have applied the brine shrimp lethality bioassay method which is recently developed as a rapid general bioassay technique for the natural products, this method indicates cytotoxicity as well as a wide range of pharmacological activities e. g. anticancer, antiviral and pesticidal, and others [12, 13] .
In the present study the brine shrimp lethality of methanolic extract of the leaves from E. platycarpa, showed an important toxic activity: at 100 ppm, 98.2% of naupili mortality was observed and at the lowest assayed concentration, 17.8 ppm, above 50 % of mortality was observed. The results are given in Table 3 . We conclude that the extract may have components presenting biological activity, cytotoxic activity mainly.
Among flavanones, flavanone (4) exerted an important effect on the Artemia salina test: at 100 M, 97.8% of naupili mortality was observed and at the lowest assayed concentration, 17.8 M, 84% of mortality was observed, a significant percent. We could conclude that the IC 50 is less than 10 M, concentration that still causes mortality slightly higher than 50%.
On the other hand, the prenylated flavanone (3) showed 43% of mortality at the highest assayed concentration, 1000 M, so it was considered as non significant toxic activity.
Besides, the rest of flavanones, (1), (2) and (5) did not show any remarkable cytotoxic activity against brine shrimp: IC 50 >100 M; for this reason assay at 1000 M was not performed. The rate of mortality of nauplii was found to be increased according to the concentration of each of the samples assayed.
Based on the obtained results, it may be concluded that the prenylated flavanones isolated from E. platycarpa did not showed strong antioxidant activity compared to the standard, being flavanone (5) which showed the best value of free radical DPPH reduction.
The methanolic extract of the E. platycarpa leaves showed anti-inflammatory activity and 5-hydroxy-7-methoxy-6-prenylflavanone (5) was the most active followed by flavanones (2) Preparation of methanolic extract: The methanolic extract was obtained by the next maceration method, leaves were dried at room temperature in the shade; once the leaves were dried they were pulverized and extracted with methanol by maceration at room temperature three times (100 g of dried vegetable material per 1000 ml of methanol). Once the extractions were performed, the solvent was removed under reduced pressure to obtain the corresponding residues [7] .
Isolation of compounds:
From the methanolic extract of E. platycarpa leaves the prenylated flavanones 5,7-dihydroxy-6methyl-8-prenyl-flavanone (1); 5,7-dihydroxy-6-methyl-4'methoxy-8-prenyl-flavanone (2); 5,7-dihydroxy-6-prenyl-flavanone (3); 5,7-dihydroxy-4'-methoxy-8-prenyl-flavanone (4) and 5hydroxy-7-methoxy-6-prenyl-flavanone (5) were isolated by column chromatography at reduced pressure, then flavanones were purified and characterized by direct comparison using TLC original samples available at the laboratory. They were also analyzed by 1 H NMR and 13 C NMR and mass spectrometry checking their identities by comparison with the spectroscopic data previously published [7] .
Anti-inflammatory activity

TPA-Induced Mouse Ear Edema:
Mouse ear edema was evaluated following the protocol previously described [14] , using groups of three male CD-1 mice. Edema was induced by topical application of 2.5 μg per ear of TPA solved in ethanol. Solutions of the methanolic extract from leaves, flavanones (1-5) (1 mg/ear) and indomethacin as standard drug reference were prepared at a concentration of 1 mg/ear, solving each of those substances in different solvents according to their solubility, respectively. Those were applied to both sides of the right ear (10 μL each side) such as TPA. The ear swelling was measured just before TPA application and 4 h later. The edema was expressed as the increase of thickness. Results are shown in Table 1 .
Mice: Adult male CD-1 mice with a body weight ranging from 20 to 25 g were used. All animals had free access to food and water and were kept on a 12/12 h light-dark cycle. Animals were maintained in standard laboratory conditions approved by the Animal Care and Use Committee (NOM-062-ZOO-1999 and PROY-NOM-087-ECOL-SSA1-2000). All experiments were carried out using 6 animals per group.
Antioxidant activity
DPPH radical scavenging assay: Radical scavenging activity of methanolic extract from E. platycarpa leaves and compounds was measured by a slightly modified method of Brand-Williams [15] . Radical scavenging activity of methanolic extract and flavanones against stable DPPH (2,2-diphenyl-2-picrylhydrazyl hydrate, Sigma-Aldrich Chemie, Steinheim, Germany) was determined spectrophotometrically. When DPPH reacts with an antioxidant compound, which can donate hydrogen, it is reduced. The changes in color (from deep--violet to light--yellow) were measured at 515 nm on a UV/visible light spectrophotometer (Spectronic Genesys 8, Rochester, USA).
Methanolic extract and compound solutions were prepared by solving an appropriate amount of each sample in ethanol. The solution of DPPH in ethanol was prepared just before UV measurements. 1.5 ml of this DPPH solution was mixed with 0.5 ml of compound solutions in 1 cm path length disposable microcuvettes (final mass ratio of compound and DPPH 3:1 approximately).
Samples (at 1000, 100 and 10 μM for compounds) were kept in the dark for 90 min at room temperature, then the decrease in absorption was measured. For control sample, absorption was measured of a blank sample containing the same amount of ethanol and DPPH. The experiment was carried out in triplicate. Radical scavenging activity was calculated by the following formula:
Where: AB-absorption of blank sample (t = 0 min); AA-absorption of tested extract or compound solution (t = 90 min).
Brine shrimp Artemia salina Lethality bioassay
Brine shrimp lethality test: The shrimp lethality assay was proposed by Mayer [16] . It is based on the ability to kill laboratorycultured Artemia nauplii brine shrimp. The assay is considered a useful tool for preliminary assessment of toxicity, and it has been used for detection of fungal toxins, plant extract toxicity, heavy metals, cyanobacteria toxins, pesticides, and cytotoxicity testing of dental materials.
Dried cysts were performed as indicated above, and incubated (1 g cyst per liter) in a hatcher at 28-30 °C with strong aeration, under a continuous light regime. Approximately 12 h after hatching, the phototropic nauplii were collected with a pipette and concentrated in a small vial. Ten brine shrimp were transferred to each well using adequate pipette. The toxicity was determined after 24 h of exposure. The numbers of survivors were counted and percentages of dead ones were calculated. Larvae were considered dead if they did not exhibit any internal or external movement during several seconds of observation. LC 50 values with 95% confidence intervals values were determined using the log dose-probit analysis method [17] . The experiment was realized by triplicated. The methanolic extract was tested at concentration level of 1000, 100 and 10 ppm and compounds solutions of 1000, 100 and 10 µM. All sample stock solutions were prepared in saline solution with dimethylsulfoxide 0.1 %.
